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INTRODUCTION 

Cost  estimating  is  all  too  frequently  thought  of  as  a  necessary 
but  dull  and  uninspiring  task  better  performed  by  persons  who  are  either 
Incapable  of,  or  uninterested  in,  wrestling  with  the  important  and  ex¬ 
citing  issues  of  the  day.  Even  with  the  current  concern  fcr  the  eco¬ 
nomic  implications  of  choice,  coat  estimating  is  only  beginning  to  be 
accorded  its  rightful  place  in  the  'ecisicnmaking  process.  The  reasons 
for  this  are  many,  but  the  most  significant  is  probably  just  a  general 
lack  of  awsrenesa  of  the  potential  benefits  that  are  to  be  realized. 

One  place  where  cost  estimating  has,  in  recent  years,  been  allowed  to 
pley  its  proper  role  is  in  military  long-range  planning,  and  the  re¬ 
wards  have  indeed  been  great.  Hie  general  philosophy  of  the  military 
planner  and  the  concepts  and  methods  of  the  coat  estimator  that  have 
permitted  this  to  happen  are  d'scussed  in  the  first  part  of  this  paper, 
in  the  second  part,  an  example  of  s  cost  analysis  in  support  of  a  mili¬ 
tary  planning  problem  is  presented.  The  example  points  up  the  fact  that 
cost  estimating  can  be  an  intellectually  stimulating  activity  worthy 
of  the  application  of  the  best  analytical  skills  available;  and  second, 
Chat  it  can  provide  usefu]  answers  to  difficult  and  important  questions 
even  when  uncertainty  is  greet  and  quantification  is  difficult.  Even 
though  the  discussion  in  this  paper  is  based  on  a  military  long-range 
planning  application, the  concepts,  methods  and  techniques  that  have 
made  success  possible  there,  have  much  more  general  implications.  Be¬ 
lieving  this,  the  author  hopes  that  this  paper  will  serve  to  further 
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the  awareness  of  many,  and  stimulate  gone,  to  actively  seek  cut  the 
important,  benefits  to  be  derived  from  a  less  traditional  approach  to 
cost  estimating, 

PROJECT  COST  ESTIMATING  FOR  MILITARY  PLANNING 

weapon  and  support  3y-f«ms,  the  building  block"  of  the  military 
planner,  require  long  lead  times,  and  the  comitment  of  substantial 
quantities  of  national  resources,  for  their  acquisition.  The  long  lead 
times  force  the  planner  to  focus  his  activities  on  a  distant  tin*?  hori¬ 
zon  and,  at  the  same  time,  permit  him  to  consider  a  vide  range  of  alter¬ 
natives.  Because  the  resources  available  to  him  are  limited,  the  plan¬ 
ner  may  not  do  all  that  seems  desirable,  and  must  therefore  make  choices 
from  among  the  alternatives  available.  It  is  in  assisting  him  ©ske 
efficient  use  of  the  resources  that  the  cost  estimator  plays  his  role. 

The  efficient  allocation  of  limited  resources  among  competing  ob¬ 
jectives  is  the  problem  typically  addressed  by  the  economist.  His  con¬ 
cern  is  with  the  requirements  for  (manpower,  for  facilities,  and  for 
the  raw  materials  to  achieve  an  objective,  as  well  as  with  the  monetary 
implications.  In  supporting  the  long-range  planner  the  cost  estimator 
takes  much  the  same  view.  The  lack  of  descriptive  detail,  and  the  un¬ 
certainty  typically  associated  with  the  die:  ant  time  horizon  of  the. 
military  planner,  make  it.  impossible  to  use  conventional  cost  estimating 
methods  to  get  at  the  resource  implications  of  the  alternatives.  The 
process  is  instead  an  "analytical1  one  relying  heavily  on  the  use  of 
highly  generalized  estimating  relationships  based  on  past  experience. 

To  stress  these  two  point® ,  the  terms  "resource"  and  "analysis"  sre 
frequently  substituted  for  "cost"  and  "estimate." 

Even  within  the  context  of  military  planning,  resource  analysis 
may  be  applied  to  a  broad  spectrum  of  problems  and  each  h»is  its  own 
special  Impact  on  the  nature  of  the  methods  used. 

At  one  end  of  the  spectrum  the  problem  Is  to  illuminate  the  re¬ 
source  implications  of  alternate  weapon  design  specifications  and  sys¬ 
tem  operating  characteristics.  Such  analyses  necessitate  "in-depth" 
cons ideration  of  a  single  system  and  are  most  frequently  used  to  help 
put  together  an  initial  system  description.  This  technique  is  called 
"Intra-System"  resource  analysis. 


After  a  preferred  configuration  hau  been  identified,  the  question 
logically  turns  to  whether  the  given  system  is  preferred  to  a  number 
of  others-  Here  resource  analysis  is  used  to  provide  information  about 
the  resource  implications  of  each  of  the  « Iteraatives  and  is  referred 
to  as  "Tnter-Sysfeo"  resource  analysis.  Rather  than  providing  an  in- 
dftpfch  analysis  of  a  single  system,  inter-syatem  analysts  concentrates 
on  isolating  those  features  of  each  of  the  alternative  systems  that 
cause  the  resource  requirements  to  differ. 

It  is  infrequent  that  a  military  planner  has  ac  simple  a  choice 
as  between  one  weapon  system  and  another.  The  more  typical  case  requires 
choosing  sone  ntsaber  of  each,  and  th<  question  is,  then,  how  many? 

Here,  the  resource  analyst*  problem  is  to  determine  the  aggregate  re¬ 
source  implications  of  alternative  mixes  or  groups  of  weapon  system# 
and  is)  called  "Total-Force"  resource  analysis.  In  this  form  of  analy¬ 
sis,  the  way  in  which  the  various  aye  terns  interact  with  each  other  as 
they  compete  for  available  resources  is  stressed.  The  objective  le  to 
show  the  time-phased,  net  resource  requirements  resulting  from  the  total 
force  rather  than  the  cost  of  a  single  system. 

While  the  form  of  the  analysis  influences  the  specific  methods  used, 
the  basic  concept*  of  resource  analysis,  largely  determined  by  the  char¬ 
acteristics  of  long-range  planning,  arc  conanon  to  all. 

Probably  the  single  moat  influential  characteristic  of  mil  ary 
long-range  planning,  from  the  point  of  view  of  the  resource  analyst, 
is  the  time  horizon,  which  extends  five,  ten,  or  even  fifteen  years  into 
the  future.  Hia  alghts  on  the  future,  the  planner  i*  freed  from  many 
of  the  conetraining  influences  of  the  present  and  consequently  la  able 
to  consider  a  wide  range  of  alternative  ways  of  accomplishing  hia  objec¬ 
tives.  However,  the  price  he  paya  for  this  freedom  is  measured  in  term# 
of  the  difficulty  he  has  in  specifying  snything  definitively,  and  the 
uncertainty  with  which  he  roust  live. 

In  the  last  analyais,  the  number  and  kind  of  alternatives  the  long- 
range  planner  considers  are  limited  only  by  his  imagination.  Alt.. .native 
weapon  designs,  alternative  waya  of  operating  a  given  system,  alternative 
systems,  and  alternative  forces  or  mixes  of  systems,  ire  indicative  of 
the  r lasses  of  alternative#  open  to  tin.  With  the  emphasis  on  making  a 


-4- 


preliminary  atlecHon  of  the  more  promising,  from  among  the  many  possible 
a lteraatives ,  if.  is  unlikely  that  more  than  the  major  features  of  each 
will  be  identified.  Prc_  3ed  aircraft  are  typically  described  by  stating 
their  gross  weigh,  speed,  number  and  type  of  engines,  payload,  and  lit¬ 
tle  els*  Differentiation  between  alternative  weapt  systems  is  likely 
to  be  in  terms  of  the  distinguishing  characteristics  of  the  major  hard¬ 
ware  items  and  suggested  activity  rates  alone.  Given  all  of  this,  the 
certainty  with  which  any  one  of  the  proposed  alternatives  can  be  ex¬ 
pected  to  perform  as  stated  is  dubious  at  best.  This  is  the  environment 
in  which  the  essential  precepts  of  military  cost  analysis  have  been 
formulated. 

CONCEPTS  AND  IJITHODS  OF  MILITARY  COST  ANALYSIS* 

One  of  tne  most  fundaraer.ta  1  concepts  of  military  cost  analysis  is 
that  cost  estimates  are  never  made  for  their  own  sake  alone.  Such  an 
estimate  is  but  one  of  many  inputs  into  ihe  planner's  decision  process 
and  hca  meaning  only  when  viewed  together  with  appropriate  measures  of 
ef fecttveneog  or  utility.  Weapon  systems,  whose  utility  can  be  measured, 
ha  ve  become  the  building  blocks  of  the  military  planner  and  consequently 
the-  focus  for  military  cost  analysis. 

Even  though  the  major  hardware  components  of  a  weapon  system  are 
typically  the  most  costly,  requirements  for  related  resources,  such  as 
highly  trained  personnel  or  exotic  materials  when  estimated  to  be  In 
short  supply,  may  dictate  the  planner's  choice.  For  this  r  ason  all 
of  the  resources  necessary  to  create,  install  and  main’  in  the  complete 
weapon  system  are  germane.  The  concept  of  tott  1  weapon  system  cost  re¬ 
flects  this  desire  for  comprehensiveness . 

Resources  required  throughout  the  entire  life  of  the  weap  sys¬ 
tem  must  alao  be  considered,  including  those  required  for  reaearch  and 
deve lopment ,  for  ayatea  acquiaition,  and  for  /stem  operation  until 

*While  this  discussion  of  military  cost  analysis  is  relevant  to 
all  branch##  of  the  military,  much  of  the  language  ano  the  choice  of 
illustrative  material  reflects  the  long  association  of  th~  r-athoi  with 
the  specific  problems  of  the  U.S.  Air  Force. 
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phase-out.  This  is  the  concept  of  total  life-cycle,  which  states  that 
all  of  the  resources  necessary  to  fulfill  each  of  these  functions  shell 
be  estimate  aid  separately  identified.  Because  resources  committed  to 
each  of  these  phssas  in  the  life  of  a  system  bear  a  different  relation¬ 
ship  to  time  and  to  the  number  of  units  of  th°  weapon  system  procured, 
displaying  them  separately  facilitates  greatly  the  planner’s  evaluation. 
Research  and  development  costs  are  relatively  independent  of  both  time 
and  the  number  of  units  eventually  procured.  System  acquisition  costs 
are  also  independent  of  time,  but  directly  related  to  the  number  of 
units  procured;  while  operating  costs  are  related  to  the  number  of  units 
procured,  and  to  the  anticipated  life  of  the  system.  This  identifica¬ 
tion  facilitates  distinguishing  between  those  systems  with  relatively 
different  requirements  for  or.e-time  and  recurring  costs,  and  provides 
the  planner  with  the  ability  to  approximate  the  coat  of  varying  the 
force  sire  and  the  number  of  years  of  operation. 

A  planner  can  always  expect  to  introduce  a  future  weapon  system 
into  an  existing  military  force  and  must  understand  that  the  weapon  se¬ 
lected  will  be  only  an  augmentation  to  that  force.  Consequent iy ,  it 
the  concept  of  net  additional,  or  incremental,  resource  requirements 
associated  with  making  these  augmentations  th-.t  is  relevant.  Sunk  coats 
and  resources  -  hand  are  of  Interest  only  in  that,  if  available,  they 
may  help  to  reduce  the  incremental  costs. 

As  it  cannot  be  expected  that  the  total  quantity  of  resources  avail¬ 
able  will  be  radically  different  from  ore  time  period  to  another,  sched¬ 
uling  the  introduction  of  new  systems  and  the  phaaing  cut  of  old  one# 
so  that  relatively  even  demands  for  resources  are  created  becomes  a 
primary  Job  of  the  planner.  To  allow  him  to  do  this,  estimated  of  time- 
phased  costa  must  be  provided  as  well. 

Estimating  with  absolute  accuracy,  under  conditions  of  uncertainty, 
is  recognited  as  being  out  of  the  question.  Therefore,  the  analyst 
concentrates  on  achieving  relative  accuracy  and  treating  each  alterna¬ 
tive  consistently. 

The  methods  used  to  make  cost  estimates  sre  many  and  varied.  There 
are  instances  when  expert  opinions  snd  informed  judgment  provide  the 
only  basis  for  an  estimate,  and  others  where  mo  e  formal  methods  are 
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used.  One  way  of  identifying  the  more  formal  methods  is  to  divide 
them  into  three  categories:  statistical  method  ,  engineer' ng  methods, 
and  accounting  methods. 

The  statistical  method  is  to  use  multiple  correlation  and  regres¬ 
sion  analysis  to  find  and  describe  functional  relationships  between  re¬ 
source  requirements  and  specific  elements  of  system  description,  such 
as  weight,  speed,  activity  rates  and  number  of  personnel.  Historical 
data,  describing  activities  assumed  to  be  consistent  with  those  pro¬ 
jected  for  the  future,  are  the  basic  ingredients  of  this  method. 

Though  not  necessarily  so,  this  raetnod  is  usually  applied  at  a  relatively 
high  level  of  aggiegatlon,  and  to  estimating  problems  involving  very  ad¬ 
vanced  weapon  :ys terns. 

The  essence  of  the  engineering  method  is  to  break  the  system,  or 
item  of  hardware  for  which  the  resource  requirements  are  to  be  estimated, 
down  into  lower  level  components  such  that  meaningful  conjectures  about 
he  resource  imp  lie**-  ions  of  each  can  be  made.  Statistical  methods  are 
frequently  applied  at  thia  lower  level  of  detail,  and  the  results  are 
then  combined  with  the  estimates  of  the  resources  required  to  integrate 
the  components  and  the  total  Is  obtained.  One  of  the  most  uaefu1  prop¬ 
erties  of  this  method  la  that  It  helps  separate  those  parts  of  the  prob¬ 
lem  that  require  novel  treatment  fro®  those  that  can  be  dealt  with  con¬ 
ventionally.  A  disadvantage  Is  that  it  frequently  leads  to  underesti¬ 
mating,  because  Inadequate  allowance  is  made  for  the  cost  of  integration. 
When  it  la  necessary  ’’hat  the  engineering  method  be  used,  the  statistical 
method  ie  often  also  applied  at  a  more  aggregate  level  of  detail  to  in¬ 
sure  against  underestimating . 

The  accounting  method  neliss  on  the  fact  that  certain  factora,  or 
estimating  relationship*,  are  Inherent  in  the  books  of  account,  finan¬ 
cial  or  other*!*'.  Overhead  rates,  labor  rates  an.  material  conaumption 
ratae  ar*  examples.  Conceptually,  the  method  la  simple,  but  does  usu¬ 
ally  require  that  estimates  be  made  at  a  relatively  lower  level  of  de¬ 
tail  than  la  generally  practical.  Further,  when  using  the  accounting 
method,  extreme  caution  must  be  exercised  to  insure  that  misleading 
impreaaiona,  resulting  from  using  the  relationships  out  of  context,  are 
not  conveyed. 
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As  is  obvious,  each  of  these  methods  has  both  advantages  and  disad¬ 
vantages,  but,  typically,  all  resource  estimates  prepared  use  all  of 
them  in  v'-ying  proportions.  How  much,  depends  on  many  factors,  Includ¬ 
ing:  the  ti.ue  available  to  make  the  estimate,  the  preciseness  required, 
the  type  of  analysis  contemplated,  the  availability  of  descriptive  in¬ 
formation,  the  form  and  availability  of  relevant  historical  data,  and 
the  extent  to  which  the  subject  of  the  estimate  ia  a  departure  from 
past  experience.  In  the  last  analysis,  the  selection  depends  on  the 
experience  and  the  preference  of  the  individual  analyst. 

Cost  effect' veness  analysis,  cost-utility  analysis,  coat  benefit 
analysis,  and  systems  analysis,  each  suggest  methods  for  making  compari¬ 
sons  considering  both  coat  and  effectiveness.  These  analyses  tak*  on 
many  and  varied  forme,  some  more  satisfactory  than  oth — ,  and  esch  has 
its  proponents.  The  systems  analysts  have  found  two  analytical  forms 
to  be  preferred.  The  first  is  called  "fixed  budget"  analysis,  and  the 
second  "fixed  effectiveness"  analysis.  Fixed  budget  analysis  assumes 
a  predetermined  budget  and  uses  it  to  procure  a  a  many  unit®  as  possible 
of  each  of  the  weapon  systems  to  be  compared.  The  effectiveness  of  each 
system,  baaed  on  the  number  procured,  ic  estimated  and  the  system  pro¬ 
viding  the  maximum  effectiveness  for  the  stipulated  budget  is  preferred. 
The  fixed  effectiveness  analysis  start*  by  aasuming  a  level  of  effective¬ 
ness  and  proceeds  to  examine  the  cost  of  achieving  it,  using  each  c£ 
the  alternative  systems.  The  least  costly  alternative  is  pref»..red. 

One  shortcoming  of  these  approaches  ia  that  by  arbitrari  l;-'  selecting 
either  a  budget  or  a  level  of  effectiveness  an  inefficient  use  of  mar¬ 
ginal  reaourcee  may  ba  suggested.  Only  when  the  relationship  between 
effectiveness  and  cost  is  linear  throughout  it*  entire  range  will  this 
danger  not  exist.  However,  making  similar  coepar lions  under  different 
aaaixspt ions  about  levels  of  resources  or  ef fectivenes*  insures  against 
thie  without  greatly  complicating  the  analysis. 

Coat-ef fectiver.ess  ratios  are  frequently  used  to  make  comparisons 
because  of  their  cone isenass ,  their  non-dimensionality,  and  their  abil¬ 
ity  to  fit  neatly  into  relatively  aimple  analytical  modela.  With  all 
of  thaae  advantages,  however,  they  should  be  uaed  with  extreme  caution. 
Hoat  paople  have  difficulty  enough  understanding  a  coat-ef fee ; iveneaa 
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compa risen  when  either  one  of  the  two  dimensions  is  ’-"Id  constant,  j 

When  both  are  allowed  to  vary  si  'taneously,  ss  is  the  case  with  any  i 

ratio,  che  difficulties  are  compounded. 

Crucial  to  a  choice  among  alternative  weapon  systems  is  the  ques¬ 
tion  of  relative  availability  time-wise.  Consider  the  case  where  an 
otherwise  preferred  alternative  is  not  available  for  some  number  of 
years.  If  the  Job  must  be  done  sooner,  another  alternative  must  be 
chosen.  Further,  having  made  the  choice,  the  relative  merits  of  the 
'/.wo  alternatives  may  well  look  different.  This  point  is  particularly 
important  because  in  most  analyses  one  of  the  alternatives  is 
a  continuation  of  an  existing  weapon  system  anu  another  is  a  system 
that  wor/t  be  available  for  ten  years. 

A  COST  SENSITIVITY  ANALYSIS  01  AN  ANTI-SUBMARINE  - 
LAUNCHED  BALLISTIC  MISSILE  SYSTEM:  AN  EXAMPLE 

Cost  sensitivity  analysis  !■  the  cost  analyst's  most,  useful  tool 
for  dealing  with  uncertainty.  i..c  primary  object. ve  is  to  provide  a 
system  designer  <n  a  planner  with  insights  into  the  wav  system  costs 
are  influenced  by  changes  in  specifications.  Knowledge  that  the  costs 
of  a  system  are  either  sensitive  or  insensitive  to  .he  value  of  a  par¬ 
ticular  pa  renter  al-our  which  the  ->  is  uncertainty  car  help  to  guide 
the  design  procesa  by  focusing  attention  on  areas  with,  potential  I v  high 
pay-offs.  Hie  prodjet  of  a  cost  sensitivity  analysis  is.  therefore,  a 
set  of  re  la l ionshtpa ,  graphic  or  otherwise ,  that  describes  the  wav  re¬ 
source  requirements  react  to  change*  in  assumptions  and  input  values. 

Cost  sensitivity  analysis  is  most  beneficial  when  it  is  treated 
r.a  an  integral  part  of  the  system  design  and  planning  process.  The 
syatea  designer  specifies  a  system.  The  cost  analyst  determines  the 
resource  implications  of  the  initial  descriptions.  The  system  designer 
reacts  by  changing  his  specifications  and  in  this  way  the  process  con¬ 
tinues.  At  no  time  is  the  study  really  completed.  As  one  iteration  is 
finished,  questions  leading  to  another  arc  raised,  and  a  systematic  and 
orderly  approach  to  acquiring  insights  is  achieved. 

With  the  eaphaaia  on  describing  relationships,  absolute  values  are 
of  secondary  interest.  Their  main  use  i  for  ranking  the  alternatives 


-9- 


considered.  The  large  number  of  variables  and  the  c omp  lex  i  t y  of  the. 
Interrelationships  typically  involves  require  the  sensitivity  analysis 
to  be  conducted  on  an  incremental  learu-as- yor-go  oasis.  Anything  .more 
ambitious  typically  leads  to  complete  confusion.  Just  how  all  of  this 
works  will  be  demonstrated  as  ve  proceed  to  investigate  some  of  the  re 
source  implications  of  a  proposed  system  for  defending  the  United  States 
against  m  submarine  -  launched  ballistic  missile  attack.  It  will  be  obvi¬ 
ous,  as  the  example  unfolds,  that  as  many  questions  are  raised  as  are 
auavered.  This  is  as  it  should  he;  for  asking  the  right  question  is 
often  the  most  difficult  and  important  part  of  analysis. 

There  arc  two  logically  separate  and  distinct  operr  ions  required 
to  prepare  an  estimate  of  the  cost  of  a  system:  estimating  the  require¬ 
ments  for  physical  resources  and  translating  the  resource  estimates 
into  statements  of  monetary  requi r emente .  Frequently  the  two  are  per¬ 
formed  simultaneously  anJ  thus  lose  their  Individual  identities.  This 
va«  not  the  case,  hm:ev.  r,  in  the  study  that  will  be  '’escribed.  In 
fact,  the  most  interesting  analytical  problems  encountered  involved  re¬ 
source  considerations  primarily.  Estimating  the  monetary  requirements , 
while  not  a  trivial  problem,  was  handled  in  a  relatively  nrai  ght  for¬ 
ward  fashion  and  consequent  1 v  is  not  given  extensive  treatment  in  this 
pape r . 

Defending  the  United  Spates  against  an  attack  from  a  submarine- 

launched  ballistic  missile,  using  manned  rircratc  armed  with  vnti  - 

missile  ml* -it  les  and  carrying  ufre-rei  detect  ion  equipment  or  radar, 

* 

is  the  major  mission  of  the  system  analyzed.  More  specifics]  y,  it  was 
assumed  that  an  aircraft  appropriate ly  equipped  and  on  patrol  over  the 
ocean,  would  be  able  to  detect  the  launching  of  a  ballistic  missile. 
Having  detected  cue  launch,  the  missile 'a  trajectory  could  be  calcu¬ 
lated  using  an  on- board  computer,  and  an  interceptor  missile  c’ulci  be 


Thi*  example  has  also  been  uaed  in  P-3097,  Coat  denaltivlty 
Ana  lyala ,  A.  J.  Temer,  March  19fc5,  and  as  Chapter  VIII  of  the  book, 
Syateas  Analysis  for  Policy  Planning,  edited  by  E.  S.  Quad-e  and 
W.  Boucher,  The  RAND  Corporation.  To  ba  published. 


launched  tress  the  aircraft  such  that  an  intercept  would  be  made  prior 
to  the  point  where  the  suborn tine- launched  missile  entered  the  ballistic 
phase  of  its  flight  path.  An  alternate  scheme,  imposing  less  stringent 
requirements  on  the  interceptor  missile  and  associated  computer,  was 
also  suggested.  This  was  based  on  allowing  the  intercept  to  be  made 
after  burnout  and  thereby  increasing  the  time  available.  A  third  vari¬ 
ation  was  predicated  on  the  fact  that  detecting  a  launch  also  provided 
information  about  the  location  of  the  submarine.  This  being  the  c«i>e, 
an  anti-submarine  missile  having  the  potential  of  destroying  the  sub¬ 
marine  and  all  remaining  missiles  could  be  launched  as  well,  A  mixed 
system  resulted. 

Estimates  of  the  lead  times  required  for  obtaining  a  decision  to 
go  ahead,  to  accomplish  the  nseecasry  research  and  development,  and  to 
produce  and  install  the  'quipment  indicated  that  none  of  the  proposed 
systems  could  be  fully  operational  In  less  than  ten  yeans,  thus  fixing 
the  planning  time  hoiiron, 

A  token  operational  plan  was  also  sugg  ted.  It  was  assumed  that 
the  aircraft  would  o>  depicted  around  the  peris*  er  of  the  country  on 
air  bases  already  in  existence.  It  was  recognized  that  the  feasibility 
of  this  would  depend  on  the  trial  number  of  aircraft  involved  and  on 
the  availability  of  air  base^-,  therefore,  verifying  this  was  made  a 
specific  objective  of  the  analysis.  Having  no  indication  that  one  part 
of  the  country  would  be  more  vulnerable  to  attack  than  another,  it  was 
decided  that  a  uniform  coverage  of  the  entire  perimeter  would  be  neces¬ 
sary  and  alternate  ways  of  accomplishing  this  were  suggested.  One  re¬ 
quired  maintaining  enough  aircraft  continuously  airborne  in  specified 
locations  to  cover  the  entire  area  at  all  times.  Another,  assumed  to 
be  lc#a  expensive ,  required  keeping  most  of  the  aircraft  on  the  ground 
to  be  launched  only  whan  an  alert  was  required.  Still  other  variations, 
Including  providing  complete  coverage  on  a  r ~ adorn ly  aelected  basis, 
were  considered  and  analyzed.  However,  most  of  the  analytical  work 
deacribed  In  this  paper  if  baaed  on  providing  continuous  and  complete 
airborne  coverage. 

Various  flight  plans  for  the  patrol  aircraft  were  considered. 

One,  3s  shown  in  Fig.  1,  was  to  have  the  aircraft  ake  off  from  its 


base,  fly  to  the  specified  patrol  area,  and  remain  on  patrol  until  it  has 
only  enough  fuel  remaining  to  return  to  its  hsse.  Continuous  coverage, 
vould  be  provided  by  acv  Juling  a  second  aircraft  to  a*.i.ive  on  stat’on 
the  first  departs.  Another  possibility  suggested  wa9  to  fly  a  num¬ 
ber  of  aircraft  spaced  at  intervals  around  a  closed  course  such  chat 
complete  and  continuous  coverage  of  a  specified  area  would  be  achieved. 
Other  variations  were  considered  as  well,  but  these  two  received  most 
-f  the  attention. 

Anticipating  that  the  cost  of  the  system  would  be  sensitive  to 
the  total  number  of  aircraft  required,  the  sire  of  the  area  to  h<»  pa¬ 
trolled  ar.d  the  contribution  of  each  aircraft  became  key  considerations. 
Assuming  that  the  entire  perimeter  of  the  country  had  to  be  protected, 
the  area  became  a  direct  function  of  the  necessary  off-shore  distance, 
which  was  entirely  dependent  on  predictions  of  the  range  of  the  enemy 
missiles.  As  such  predictions  were  extremely  uncertain,  off-shore  dis¬ 
tance  was  treated  as  a  variable  in  the  cost  sensitivity  analysis.  The 
contribution  of  cn  individual  aircraft  would  be  largely  determined  by 
the  range  of  the  airborne  detection  equipment  and  the  speed  of  the  in¬ 
terceptor  missile.  As  neitner  of  these  items  had  yet  undergone  prelim¬ 
inary  design,  their  characteristics  were  also  uncertain  and  treated  as 
variables . 

The  choice  of  an  aircraft  for  the  mission  seemed  obvious.  All 
that  appeared  to  be  required  was  a  relatively  unsophisticated  aircraft 
capable  of  keeping  a  large  payload  airborne  for  extended  periods  of 
time.  Attention  focused  on  transport  aircraft  in  general,  and  on  the 
KC-135  strategic  tanker  in  particular.  This  aircraft  not  only  had  the 
desired  characteristics,  but  was  scheduled  for  phaae-out  at  about  the 
same  time  these  requirements  would  be  generated,  thus  making  it  avail¬ 
able,  and  a  free  resource.  For  these  reasons  it  appeared  to  be  too 
good  a  possibility  to  pass  up.  Fortunately,  the  coat  analyst  took  it 
upon  himself  to  examine  some  other  possibilities  as  well,  and  the  re¬ 
sults  were  among  the  more  important  contributions  of  the  cost  sensitiv- 
★ 

ity  analysis. 

if 

Considerably  more  at  >ntion  than  has  been  indicated  was  paid  to 
canny  other  elements  of  the  system,  ""his  was  particularly  true  of  the 
specifications  of  the  interceptor  micsile  and  related  airborne  equip¬ 
ment,  However,  as  those  details  are  not  essential  to  thio  presentation 
they  have  been  omitted. 
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The  above  description  is  quite  typical  ana,  if  anything,  suggests 
the  availability  of  more  informa t.icn  than  is  usually  provided.  It  also 
reflects  many  of  the  questions  confronting  the  planner  whose  main  con¬ 
cern  is  with  either  discarding  the  proposed  system  completely,  or  with 
selecting  that  variant  that  seems,  within  the  resource  constraints,  to 
promise  the  highest  probability  of  success.  How  the  cost  analysts  using 
cost  aensiti  '.ty  analysis,  can  help  him  to  make  the  necessary  decisions 
will  be  i  1  lustra  fed c 

The  cost  analyst  worked  closely  with  the  system  designer  to  formu¬ 
late  th-'  preliminary  description  of  the  system  and  during  that  time 
^sined  the  impressions  that  guided  his  structuring  of  an  analytical 
model.  Any  model,  to  be  useful,  must  abstract  the  complications  of 
reality.  Those  elements  about  which  information  is  sought  must  be  high¬ 
lighted,  while  others  are  played  down.  In  that  respect,  the  structuring 
of  the  model  largely  determines  the  informational  output  of  the  analy¬ 
sis,  and  therefore  places  significant  demands  on  the  experience,  the 
Judgment,  sr»d  the  technical  skill  of  the  analyst. 

As  the  system  for  providing  continuous  coverage  from  a  fixed  orbit 
point  was  conceptuallv  the  simplest,  and  was  sufficiently  representa¬ 
tive  of  the  suggesteJ  variations,  it  was  selected  for  modeling.  Treat¬ 
ing  each  of  the  individual  air  bases  that  might  eventually  be  required 
was  also  considered  an  unnecessary  sophistication,  and  the  concept  of 
using  a  single  generalised  or  typical  sir  base  was  adopted. 

Hie  notion  of  a  sortie-cycle,  identifying  all  of  the  time  spent 
by  a  representative  aircraft  performing  the  functions  required  by  the 
mission,  provided  the  underlying  structure  for  th‘  resource  model. 

This  cycle,  shown  schematically  in  Fig,  2,  begins  with  the  aircraft  at 
the  end  of  the  runway  awaiting  take-off,  and  ends  with  the  same  aircraft 
once  more  in  the  same  position.  The  individual  segments  of  tb»  cycle 
Indicate  those  operations,  each  time-consuming,  that  are  essential  to 
the  accomplishment  of  the  mission,  beparating  the  airborne  and  the 
ground  activities,  as  Indicated  in  Fig.  2,  makes  the  utility  of  the 
sortie-cycle  apparent  and  suggests  some  interesting  analytical  posai- 
billtles.  The  proportion  of  the  time  that  each  aircraft  is  airborne, 
and  effective  on  station,  provides  a  direct  indication  of  the  total 
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Fig.  2— The  jortie -cycle 
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number  of  aircraft  required  to  perform  the  mission.  For  nttpU,  if 
tea  aircraft  were  required  on  static  continuously  and  each  ai*'raft 
spent  o-^-third  of  its  time  there,  a  requirement  for  a  total  of  30  air¬ 
craft  would  exist.  Alternately,  if  each  aircraft  spent  half  of  its 
time  on  station,  the  requirement  would  be  for  20.  This  suggests  that 
a  major  concern  of  the  analysis  should  be  vi ch  those  elements  of  the 
system  that,  influence  this  proportion.  Deployment  (which  influences 
the  time  spent  going  and  coming),  aircraft  endurance  (which  governs 
the  total  time  spent  in  the  air),  the  number  of  shifts  during  which 
maintenance  ia  performed  (which  affects  the  time  spent  on  the  ground), 
and  the  over"!!  scheduling  of  the  activities,  are  all  pcasible  candidates. 

Obviously,  some  of  the  activities  included  in  the  sortie “cycle 
are  interrelated,  as  are  airborne  time  and  maintenance  scheduled  on  the 
basis  of  flying  hours.  Structuring  the  model,  therefore,  requires  that 
these  Intel  relationships  be  made  explicit.  In  somewhat  simplified 
form  this  was  accomplished  at  follow*.  Using  the  symbols  iuJiwflted  in 
Fig.  2,  fug  sortie-cycle  was  defined,  mathematically,  as  the  sum  of 
its  individual  parts. 

S  "  aL  +  *2  4  *3  +  kl  4  *2  *  ®3  +  k4  *  g5  <l> 

where  3  *  total  cycle  time 

Sj  *  flying  time  from  bsse  to  station 

*2  *  flying  tlma  effective  on  stetion 

a.  "  flying  time  from  stetion  to  bsse 

kj  ■  time  welting  (an  indication  of  Inefficient  scheduling) 

“  time  required  to  on/off-loed  and  service  the  eirc^it 
-  time  spent  performing  maintenance  scheduled  on  the  basis 
of  sccuisulatsd  flying  lours 

k^  *  time  spent  performing  melntensnce  scheduled  for  accomp¬ 
lishment  each  sort1*  srd  independent  of  accumulated 
flying  hours 

"  time  apent  performing  unscheduled  maintenance. 
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Including  the  sm intenance  which  needs  to  be  carried  out  after  more 
flying  hours  than  are  generated  during  a  single  sortie,  g^s  required 
a  slight  departure  from  reality.  When,  for  example,  an  inspection  was 
required  after  each  600  flying  hours  and  each  sortie  contributed  60, 
one-tenth  of  the  total  time  necessary  to  perform  the  inspection  was 
identified  to  each  sortie.  Further,  so  that  the  time  related  to  the 
performance  of  the  inspection  would  vary  properly  with  changes  in  sor¬ 
tie  length,  the  variable  g^  was  expressed  aa  follows: 


g 


3 


k3^*l  +  fl2  +  a3^ 


where  ■  factor  applied  to  total  flying  hours, 

(a^  +  *2  +  *3^  ”  total  flying  houra  accumulated  each  sortie-cycle. 


Experience  haa  shown  that  the  requirements  for  unscheduled  main¬ 
tenance  are  more  clos"1y  related  to  the  accomplishment  of  unscheduled 
maintenance  than  to  anything  else.  To  reflect  this  relationship,  the 
variable  wao  expressed  as  a  function  of  the  variables  and  k^. 


85  “  *5(83  +  k4) 

where  «  factor  applied  to  total  scheduled  maintenance. 

When  equation  (1)  was  expanded  to  include  the  expressions  for 
and  gt  and  appropriate  simplifications  were  made,  the  following  equa¬ 
tion  resulted: 


S  “  (at  +  *2  +  *3)(1  +  K3  +  iV  +  kl  +  k2  +  k4  +  k4k5‘  (2) 

To  uae  equation  (2)  to  determine  the  number  of  aircraft,  the  pro¬ 
portion  of  the  time  each  aircraft  apends  on  station  was  defined  symbol¬ 
ically  as 


a 


2 


/S, 
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and  when  the  number  of  aircraft  required  on  station  n  is  given,  the 
total  requirement  N  may  be  calculated  aa  follows: 

N  =  n(S/c2). 

However,  a  more  useful  expression  results  when  the  expanded  defi¬ 
nition  of  the  ourtie-cyc le  (equation  (2))  is  used  in  place  of  S.  Making 
this  change  the  model  for  estimating  the  total  number  of  aircraft  re¬ 
quired  becomes 

N  (n/a2)  [(a^  +  a 2  +  a^)(l  +  +  k^k^)  +  k^  +  k0  +  k^  +  k^k,.].  (3) 

As  will  be  shown,  this  relatively  simple  relationship  can  provide 
considerable  information  about  the  resource  implications  of  some  of  the 
difficult  questions  raised  earlier. 

The  equation,  ct  model,  just  described  was  but  one  of  many  th**- 
were  included  in  ♦'he  larger  model  which  was  actually  used.  The  require¬ 
ments  for  personnel,  the  cost  of  purchasing  aircraft  and  missiles,  the 
cost  of  air  base  construction,  and  the  cost  of  supplies  and  services, 
are  examples  of  the  other  items  that  were  treated  in  similar  fashion. 

A  better  notion  of  e  comprehensiveness  and  complexity  of  the  total 
model  can  be  obtained  from  viewing  the  sample  output  form  shown  in  Ap¬ 
pendix  A.  However,  inasmuch  as  the  sensitivity  analyses  performed  with 
the  aircraft  model  alone  illustrate  quite  we  11  those  conducted  with  the 
larger  mod«l,  they  have  been  selected  for  further  discussion  here. 

Even  though  the  KC-135  had  much  to  recommend  it,  you  will  remember 
that  the  cost  analyst  had  scroe  reaervations  which,  aa  it  evolved,  were 
based  largely  on  a  judgment  about  the  importance  of  aircraft  endurance. 
Because  the  number  of  aircraft  required  largely  determined  the  sys¬ 
tem  coat,  the  aircraft  model  (equation  (2))  was  used  to  invest  if*  te 
the  relationship  between  endurance  and  Che  number  of  aircraft.  The 
first  atep  in  th#  analysis  was  to  highlight  the  desired  relationship 
by  restructuring  the  model  slightly.  The  variable  e,  repreaenting 
the  aircraft  endurance,  was  aubatituted  for  the  sum  of  the  term* 
a^,  a2 ,  and  a^.  However,  to  maintain  the  identity  of  a^ ,  the 
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time  affective  on  station,  the  sum  of  and  sn  was  set  eqv.al  to  the 

constant  K  ,  and  a„  became  e  -  K  .  Further,  as  their  values  w  aid  be 
o  2  o 

unaffected  by  changes  In  endurance,  k^,  k^  ...  k^  were  combine  •;  ap¬ 
propriately  and  represented  by  constants:  was  substituted  iL,r  the 

sum  of  1,  and  k^k^;  and  was  substituted  for  the  sum  of  k^,  k^ , 
k^  and  k^k,..  The  equation  was  t^en  rewritten 


nf^e  +  nlCj 
e  -  K 


(4) 


It  can  be  seen  that  represents  the  time  required  to  be  spent 
cm  the  ground,  that  is,  dependent  on  the  flying  hours,  increased  by 
one;  reflects  that  ground  time  related  only  cc  the  accomplishment 
of  a  eortte: and  Kq  ia  the  time  apent  in  the  air  both  going  to  and  re¬ 
turning  from  the  station.  Oie  could  see  from  equation  (4)  that  as  the 
endurance  e  approached  the  value  of  Kq,  a  requirement  for  an  'nfinite 
number  of  aircraft  waa  implied  which  meant  that  an  aircraft  had  to 
have  at  least  enough  endurance  to  go  and  return  from  the  station.  The 
effect  of  very  long  endurance  waa  shown  by  recasting  equation  (4)  as 
follows : 


e-K 


e-K 


It  was  seen  that  when  e  was  allowed  to  become  infinitely  large, 
the  equation  became  essentially 


N  -  nK, . 

i 


Those  activities,  1C,,  which  art  related  only  to  the  accomplishment  of 

4. 

the  eortte,  become  insignificant  as  the  endurance  becomes  large,  and 
<rt  therefore  conveniently  assumed  to  be  zero.  Hi  is  says  that  at  least 
enough  aircraft  to  cover  both  the  on-atation  requirements  (n),  and  the 
ground  requirements  generated  by  flying  houra  are  necessary.  All  of 
thia  suggests  that  the  number  of  aircraft  required  is  indeed  sensi¬ 
tive  to  the  endurance  end  that  in  general  the  longer  the  endurance, 
tha  ftwer  the  number  of  aircraft  raqc’-ed. 
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After  this  preliminary  examination,  endurances  representative  of 
a  range  of  candidate  aircraft  and  the  appropriate  values  fur  the  equa¬ 
tion  constants  were  used  to  solve  equation  (4)  and  the  results  are 
shown  graphically  in  Fig  3.  As  was  expected,  the  shorter  the  endurance, 
the  larger  the  number  of  aircraft  required.  More  important,  however, 
the  curve  implied  that  for  relatively  short  endurance  aircraft,  the  ex¬ 
act  endurance  was  critical,  while  the  same  was  not  true  for  longer  en¬ 
durance  aircraft.  Further,  the  gains  to  be  achieved  by  extending  en¬ 
durance  decrease  rapidly  with  successive  increments  of  endurance. 
Indications  were  that  an  aircraft  with  an  endurance  falling  Juet  to  the 
’•ight  of  the  inflection  in  the  curve  would  be  desirable. 

To  tie  these  generalities  to  something  more  specific,  the  cost  ana¬ 
lyst  carried  out  the  research  that  resulted  it;  the  information  ahown 
in  Fig.  4,  It  was  pointed  out  that  endurances  representing  the  KC-135 
and  other  current  jet  transports  were  typical  of  those  shown  on  th° 
lower  end  of  the  endurance  scale.  An  Ir.dicetior.  of  the  problems  asso¬ 
ciated  with  obtaining  aircraft  with  more  endurance  was  also  provided. 

It  was  pointed  out  that  the  first,  and  apparently  most  valuable,  incre¬ 
ment  of  endurance  could  be  achieved  by  developing  and  building  a  new 
Long  Endurance  Aircraft  (LEA).  No  state-of-the-art  problems  were  an¬ 
ticipated.  Further,  the  endurance  of  the  LEA  could  be  increased  simply 
by  making  it  larger.  However,  if  still  more  endurance  was  sought,  a 
complete  research  and  development  program  involving  r 've 1  innovations 
such  as  laminar  flow  control  and  regenerative  engines  would  be  required. 

Some  of  the  characteristics  of  the  giound  operation  that  influ¬ 
enced  the  requirement  for  aircraft  were  examined  next.  First,  the  im- 
plicaticna  of  scheduling  maintenance  on  a  round-the-clock  ba.-is  rather 
than  an.  8-hour  day  were  investigated.  Since  the  calculations  cade  thus 
far  were  based  on  single  shift  maintenance,  the  impact  of  adding  a  sec¬ 
ond  and  third  shift  can  be  shown  by  repeat  mo  the  calculations  wf  th 
different  values  assigned  to  the  variables  of  the  equation  that  reflect 

the  time  required  to  perform  maintenance  k  «nd  k. .  Tin  wore  doubled 

_3 

and  tripled  in  turn  wi'h  the  reiults  shown  in  Fig.  5.  Ihe  esaential 
point  of  this  presentation  was  that  if  relatively  short  endurance  air¬ 
craft  were  used,  the  gains  to  be  achieved  by  awltchinc  to  multi-shift 


Endurance  e 


Fig.  3  — Number  of  aircraft  versus  endurance 
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maintenance  were  significant.  On  the  other  hand,  as  aircraft  endurance 
was  increased  the  gains  were  decreased.  This  relationship  is  illus¬ 
trated  in  Fig.  6. 

Following  this,  the  amount  of  time  required  to  on/off-load  the  air¬ 
craft  was  assumed  to  be  alternately  double,  and  half,  the  amount  as¬ 
sumed  thus  far,  and  the  results  are  shown  in  Fig.  7.  The  percentage 
of  the  fleet  effective  on  station  at  any  time  has  now  been  used  as  the 
dependent  variable,  instead  of  the  total  numbe.  of  aircraft.  Figure  7 
conveys  much  the  same  information  as  did  Figs.  5  and  6,  When  relatively 
short  endurance  aircraft  sre  used,  any  reductions  in  the  amount  of  time 
spent  cm  the  ground  yield  significant  savings.  However,  as  the  endur¬ 
ance  of  the  aircraft  becomes  larger,  the  savings  to  be  realized  become 
smaller. 

The  next  stage  was  to  analyze  the  impact  of  changes  in  the  time 
requi  **d  for  an  aircraft  to  make  the  round  trip  from  base  to  station, 
and  the  results  are  shown  in  Fig.  8.  These  curves  are  similar  to  the 
one  shown  in  Fig.  3;  however,  it  may  be  noticed  that  as  the  round  trip 
time  becomes  longer,  the  minimum  endurance  required  becomes  greater, 
which  indicates  that  there  may  be  cases  where  the  minimum  endurance  re¬ 
quired  is  sufficiently  high  to  eliminate  some  aircraft  from  considera¬ 
tion,  It  once  again  appears,  however,  that  if  an  aircraft  with  long 
enough  endurance  is  available,  the  round  trip  time  is  of  little  concern. 
The  time  'equired  for  the  round  trip  can  be  viewed  as  a  proxy  for  a 
number  of  other  system  variables--the  off-shore  distance,  the  location 
of  the  bases,  and  the  speed  of  the  aircraft.  As  will  be  remembered 
from  the  earlier  discussion,  there  was  considerable  uncertainty  associ¬ 
ated  with  each  of  these. 

If  one  were  to  r<  capitulate  at  this  point,  the  conclusion  would 
probably  be  that  the  choice  of  the  KC-135  was  not  a  good  one.  Consid¬ 
erable  uncertainty  exists  with  respect  to  a  number  of  the  system  param¬ 
eters  and  a  long  endurance  aircraft  promises  to  provide  substantial 
insurance  against  unfavorable  outcomes.  However,  all  the  indications 
seem  to  point  to  a  relatively  small  long-endurance  aircraft.  It  is  im¬ 
portant  to  collect  one's  thoughts  as  above,  but  it  is  equally  important 
not  to  be  too  easily  influenced  as  should  become  evident. 


Endurance  (e) 


ig.  6— Aircraft  saved  by  adding  2nd  and  3rd 
shift  maintenance  versus  endurance 


Endurance  S,e) 


Fig, 8— Number  of  aircraft  versus  endurance 
and  time  from  base  to  station  and  back 
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An  area  of  uncertainty  not  yet  mentioned  haa  to  ;’o  with  enemy  tac¬ 
tics,  The  whole  idea  of  providing  uniform  coverage  of  a  pre- determined 
area  assumes  implicitly  that  the  enemy  submarine  force  will  be  deployed 
similarly.  No  provision  has  been  made  to  counter  a  tactic  of  "wolf- 
backing"  or  otherwise  saturating  a  particular  section  of  t^e  defense 
zone.  There  were  a  number  of  ways  suggested  for  doing  this.  One  was 
to  put  more  than  one  aircraft  on  each  station*  and  another  was  to  pro¬ 
vide  each  aircraft  with  the  capability  of  handling  more  than  one  sub¬ 
marine  at  a  time.  The  latter  seemed  the  more  interesting  of  the  two, 
but  had  significant  implications  regarding  the  payload  requirement  for 
the  Individual  aircraft.  These  implications  are  pursued  in  the  follow¬ 
ing  illustration. 

It  was  recognized  that  there  would  be  some  flexibility  with  respect 
to  the  allocation,  between  fuel  and  payload,  of  the  weight  carried  by 
the  aircraft.  It  was  further  suapected  that  the  extent  of  this  flexi¬ 
bility  vaa  very  much  related  to  the  particular  aircraft  selected.  To 
provide  aome  insights  into  this  relationship,  it  was  decided  to  estimate 
the  coat  of  keeping  one  million  pounds  of  payload  continuously  airborne 
using  aircraft  typical  of  each  of  four  general  classes  and  allowing 
for  a  substitution  of  fuel  for  payload  and  vice  versa. 

The  general  form  of  the  result,  for  a  single  class  of  aircraft, 
can  be  anticipated.  Consider  the  case  where  all  but  a  very  small  part 
of  the  allowable  weight  has  been  given  over  to  fuel.  The  endurance 
would  be  at  a  maximum  which,  as  has  already  been  demon* t rated ,  tends 
to  reduce  the  number  of  aircraft  required.  However,  as  the  task  stip¬ 
ulated  is  to  maintain  one  million  pound*  of  payload  continuoualy  air¬ 
borne,  and  aach  ■'ircraft  carries  a  riall  payload,  a  large  number  of 
aircraft  are  required.  It  is  obvious  that  allowing  more  payload  per 
aircraft  will  reduce  the  number  required.  The  other  extreme  where 
essentially  all  of  the  weight  la  allocated  to  payload,  create*  an  equally 
unreasonable  alternative.  With  only  i  small  amount  of  fuel,  the  endur¬ 
ance  becomes  very  small,  thue  requiring  many  aircraft  independent  of 
payload  per  aircraft.  For  these  r«*#aona,  the  cost  versus  payload 


Tha  four  geuci«l  classes  are:  Current  Jet  Aircraft,  Small  Long- 
Enduraoc#  Aircraft,  Large  Long-Endurance  Aircraft,  ?nd  T,*rge  Long- 
Endurance  Aircraft  with  R&D. 
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relatlonship  is  typified  by  a  curve  reflecting  a  minimum  coat  at  some 
middle  value  for  payload  and  high  costa  for  payloads  much  above  or  be¬ 
low  that  value. 

Equa  'on  (4)  was  modified  to  include  the  relationship  between  payload 
and  endurance,  and  to  translate  the  number  of  aircraft  into  a  total  5-year 
system  cost.  For  simplicity's  sake,  a  linear  relationship  between  pay- 
load  and  endurance  for  a  given  aircraft  was  assumed.  Also,  total  sys¬ 
tem  cost  was  estimated  strictly  as  a  function  of  the  number  of  aircraft 
required.  These  relationships  and  the  revised  mcdel  are  shown  below. 

e  *  y  -h  cpp 

where  e  *  the  endurance  of  an  individual  aircraft 
p  *  the  payload 
y  and  c p  ■  the  equation  parameters 

and 

C  ~  R  +  N(I  +  5A) 

where  C  *  the  total  system  cost 

R  *  research  and  development  cost 
I  *  the  investment  cost  per  aircraft 
A  “  the  annual  cost  per  aircraft 
N  ■*  the  number  of  aircraft  required. 


When  the  total  payload  to  be  maintained  airborne  was  identified 
as  P  end  the  above  expressions  were  combined  with  the  expression  for 
determining  the  number  of  aircraft  (equation  (4)),  the  model  used  for 
this  evaluation  was 


-here  F 


R  + 


PKt  cpp  +  PKjY  +  PK^ 


II  +  5A], 


(5) 


L  cpp  +  r(>  -  K  )  -J 

p  “  total  payload  on  station. 


When  p  was  assigned,  s  range  of  values  peculiar  to  the  particular 

class  of  aircraft  and  the  travel  time  K  was  allowed  to  vary  between 

o  1 

two  and  eight  hours,  the  results  shown  in  Fig,  9  were  obtained. 


investment  +  5  years  operating  cost 


i 

\ 


Fig, 9 — Total  cost  of  keeping  one  million  pounds  of  payload  on 
station  versus  payload  weight  per  aircraft  and  flyout  time 


-3C- 


'Ihs  roost  striking  feature  of  the  curves  shown  was  observed  to  be 
the  additional  loading  flexibility  achievable  with  the  long-endurance 
aircraft,  for  what  appeared  to  be  less  than  the  cost  of  the  current  Jet 
aircraft.  Further.  If  this  flexibility  were  desirable,  going  to  a 
larger  rather  than  a  smaller  long-endurance  aircraft  was  suggested  as 
the  differences  in  cost  were  slignt.  These  curves  further  demonstrate 
the  relative  senaltivity  to  travel  time  exhibited  by  each  of  the  dif¬ 
ferent  types  of  aircraft. 

Aa  the  f tudy  progressed,  more  questions  about  still  further  fea¬ 
tures  of  the  system  were  raised,  snd  each  led  to  more  analysis.  Hov 
ever,  while  the  subject  matter  of  concern  changed,  the  baaic  analytical 
methods  used  were  similar,  ar/d  detailing  them  here  would  not  further 
the  objectives  of  this  discussion. 

Much  of  what  has  been  described  must  appear  quite  similar  to  con¬ 
ventional  operations  research.  There  are  differences,  however,  and 
they  are  significant.  Moat  of  theae  follow  directly  from  the  subject 
matter  and  the  environment  of  the  analysis;  the  extent  to  which  alter¬ 
natives  can  be  described  and  objectives  defined.  In  operations  re¬ 
search,  it  is  usual  to  have  relatively  well-defined  means  end  objectives, 
end  consequently  using  appropriate  analytical  methods  optimal  solutions 
can  be  found.  In  long-range  planning  this  is  seldom  the  case,  and  the 
best  that  analyais  can  do  is  to  indicate  that,  given  certain  asauap- 
tion*,  one  alternative  i«  preferred  to  another.  For  long-range  plan¬ 
ning  it  is  typical  that  major  policy  issues  are  at  stake  and  quantita¬ 
tive  analysis  provides  but  one  l,:cut  into  the  decision  process  end  not 
always  the  deciding  one.  The  political  and  social  implications  ar* 
frequently  overriding.  For  these  reasons,  resource  ana  lysis  aims  at 
illuminating  issues  rather  than  optimal  solutions.  One  way  the  two  an¬ 
alytical  approaches  have  been  described  is:  Analysis  for  long-range 
plann.  *.g  provides  the  initial  filtering  of  a  wide  ranga  of  lll-dafined 
alternatives,  and  by  so  doing  identifies  thoaa  which  ahould  becoae  the 
subjects  of  aoie  detailed  analyses  (operations  research). 
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Appendlx  I 


TOTAL  SYSTW  COST 


SUBOKISS  UWJSCHKD  BALLISTIC  KlSSIUt  DEFENSE  SYSTBt 

CAS 1  iO. _ 

IKTLAL  IIYMMIT  008TB 


AIRCRAfT 

KSSILI 

TO^AL 

TOTAL  PROCURWBIPr 

PKLMART  W3SIC*  KQUIPMEKT 

primary  Miaaicw  *qmpwarr  spakss 

TOTAL  AGS  -»•  ASS 

AIRQBPACI  GKOUVl)  SQUIP. 

AmospAci  cawuvD  k*jtp.  sparks 

AiRBoanE  ejktroecs  kajip. 

AIRBCMtt  EL*CTIK*IUJ  BGUIP.  SPAKSS 

TOTAL  MCI  12 TIES 

TOTAL  TRAI3IIG  AID  TRAVIL 

T9UIXUG 

TRAVEL 

TOTAL  GTHHt  HffgPWT 

IHTLAL  STOCKS 

ORGAH LATICEAL  EgjIPWOfT 
marpoRTATic* 

TOTAL  IKTIAL  UTCSTWOPT 

| 
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App«ndijc  II 

AKHUAL  OPERATING  COSTS 

AIRCRAFT  MISSILE  TOTAL 


AEROSPACE  GROUHD  KJCIP.  MAI  NT. 
AIRBOHJff  KLBCTRdnCS  EQUIP.  MAIHT. 


TOTAL  fACIUTIRS  MAIHT.  +  REPLACE. 

FACILITY  MAIHTSKAHCE 
FACILITY  REPLAC2MWT 


TOTAL  OTHFR  OPERATIHG 

REPLACTSOST  OF  GRGAJfl ZATI ORAL  EQUIP. 
JUHSPORTATIOH 

miscehaitious 

IOIAL  AJOfUAL  OPERATIHG 
RESEARCH  AHD  GSV5LOPMHTT 


TOTAL  5 -YEAR  SYSTEM  COST 
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Appondlx  III 
MISCELLANEOUS  DATA 


CASK  HUMBER . 

HUMBER  OF  BASES  PER  SYSTat . 

HUMBER  OF  S  TATI  OHS  PER  SYSTEM. . 

ENDURANCE  HOURS . 

RESERVE  FLYIHG  HOURS  PER  FLIGHT . 

FLYIHG  HOURS  FROM  BASF  10  STATTOH . 

OPERATIONAL  AIRCRAFT  PER  SYSTEM . 

COST  OF  AIRCRAFT  HUMBER  1 . 

CUMULATIVE  COST  CURVE  SLOPE  (AIRCRAFT) 

PROCUREMENT  LEVEL  FOR  AIRCRAFT . 

(MONTHLY  FLYIHG  HOURS  PER  CREW . 

HOURS  IH  MAI NT.  AHD  SKRV.  PER  MISSION. 
LAPSED  HOURS  PER  MISSICH  IHCL.  MAIHT. . 
EFFECTIVE  UTILIZATION  PATE  (PERCENT) .  . 

EFFECTIVE  TIME  OH  STATIOH  (HOURS) . 

OPERATI ORAL  AIRCRAFT  PER  BASE . 

TOTAL  PERSONNEL  PER  BASE . 

HUMBER  OF  SHIFTS  PER  DAY . 

HUMBER  OF  MISSILES  PER  AIRCRAFT . 

WEIGHT  OF  EACH  MISSILE . 

COST  Cl  MISSILE  HUMBER  1 . 

CUMULATIVE  COST  CURVE  SLOPE  (MISSILE). 

PROCURWCTT  LEVEL  FOR  MISSILES . 

OPERA  IT  ORAL  MISSILES  REQ  PER  SYSTEM  . 


PERSONNEL  R5QUIREKENT8 


I 

! 
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FLIGHT  CREW 

MISSILE 
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|  | 

RATED  NOR  -CREW 

| 

